Field correlators are expressed using background field formalism through the gluelump Green's functions. The latter are obtained in the path integral and Hamiltonian formalism. As a result behaviour of field correlators D and D 1 is obtained at small and large distances both for perturbative and nonperturbative parts. Nonperturbative D(x) and D 1 (x) decay exponentially at large distances and are finite at x = 0, in agreement with OPE and lattice data.
Introduction
The Method of Field Correlators (MFC), suggested some years ago [1] (see [2] for a review) has successfully produced a large number of results in nonperturbative QCD, in particular predicting hadron masses in good agreement with lattice and experimental data (see e.g. [3] for a review) and unambigiously explaining linear confinement [4] , [5] .
In doing so MFC is exploiting the field correlators known from lattice data [6] as input parameters. Recent discovery of Casimir scaling for static potentials [7, 8] allows to neglect all correlators except for the lowest ones (bilocal or Gaussian) with accuracy about 1% and this fact reduces input parameters essentially to the string tension σ for the bulk of the hadron spectrum and in addition correlation length T g for hadron spin splittings. Thus all spin-averaged spectrum of hadrons, namely light mesons [9] , heavy quarkonia [10] , hybrids [3, 11, 12] , heavy-light mesons [13] , glueballs [14] and baryons [15] are calculated through the only parameter σ in good agreement (∼ 10%) with experimental and lattice data.
Similar situation occurs for the background perturbation theory in the real QCD vacuum, where the only additional parameter m B , calculated in terms of σ, can be used to construct a new improved perturbation series without Landau ghost pole and IR renormalons [16] . With all that the situation in MFC is not yet satisfactory, since till now field correlators have not been computed analytically within the method itself. The first attempts in this direction have been done in [17] where equations for field correlators have been first written and the correlation length T g was computed in terms of σ, in reasonable agreement with lattice data [6] . (For earlier developments in the framework of stochastic quantization method see [18] . Resulting equations there however contain path integrals and are too complicated for practical use).
Recently new objects -gluelumps -have been introduced [19] , which represent bound states of a valence gluon in the field of static gluonic chargean adjoint equivalent of heavy-light mesons. Spectrum of gluelumps was calculated on the lattice [20] and analytically in [21] , being in general agreement with each other.
It was realized subsequently, that gluelump Green's functions and field correlators are the same, if in -and out -states of gluelumps are constructed with the help of field strength operators.
For the analytic calculations in [21] the Background Field Formalism (BFF) was used [22, 16] , which allows to construct gluelump states and the Hamiltonian in a very simple local form. Essentially the valence gluon operators have been introduced in [21] and used to construct the whole hierarchy of gluelump states, which agrees resultatively with the states used in lattice calculations [20] . Therefore one can use now the simple technic of [21] to calculate the gluelump Green's functions, and through them, the field correlators. In this way the logic of the method is closed, since in principle one can calculate all field correlators and through them all physical quantities in terms of only one input parameter -the string tension. In practice calculations are approximate and use Gaussian approximation, when only lowest correlators are retained with later improvements.
The full implementation of this program requires solution of three basic problems:
1. Exact distinction between perturbative and nonperturbative. In terms of BFF one needs to understand how the nonperturbative fields are constructed in contrast to the perturbative valence gluon fields.
2. Gaussian dominance,i.e. suppression of contributions of quartic and higher field correlators.
3. Explicit relation between Λ QCD and σ, so that all resulting quantities containing both perturbative and nonperturbative contributions, can be expressed through only one scale parameter.
In the present paper only first and partial answer will be given to these questions, nevertheless allowing to pave the road for future developments.
The paper is organized as follows. In section 2 the field correlators are written in the framework of BFF and the correlator D 1 is expressed in terms of gluelump Green's functions. In section 3 a similar detailed study of the confining correlators D(x) is done and its behaviour is defined at small and large x. In section 4 properties and selfconsistency of field correlators are discussed.
Field correlators in the Background Formalism
We start with the standard definitions of the field correlator functions D(x) and D 1 (x), defined as in [1] 
where h µ = x µ − y µ , Φ(x, y) = P exp ig x y A µ dz µ and tr f is the trace in the fundamental representation. Our final aim in this section will be to connect D(x), D 1 (x) to the gluelump Green's functions. If the latter are defined as it is done on the lattice [19, 20] , i.e. with in-and out-states constructed with the help of field strength operators, then the connection is trivial
and here all dashed letters stand for operators in the adjoint representation. These Green's functions are however not accessible for analytic calculation and to proceed one needs to use BFF [16] , where the notions of valence gluon field a µ and background field B µ are introduced, so that total gluonic field A µ is written as
As it can be shown with the help of the 'tHooft identity [16] , the independent functional integration over DB Da does not contain the double counting, and one can proceed to define perturbation series in powers of (ga µ ) as it was done in [16] . However for our purposes here we need a more explicit definition of the background and of field separation in (3) . To this end one can use the main idea suggested in [17] which we explain here in the most simple form. Namely, let us single out some color index a and fix it at a given number. The field A a µ will be identified with a a µ while the rest of fields will be called A The essential point is as was shown in [17] that the integration over DB b µ will provide a white adjoint string for the gluon a a µ , which keeps the color index a unchanged. This is the basic physical mechanism behind this background technic and it is connected to the properties of ensemble gluons: 1) even for N c = 3 one has one field a a µ and 7 fields B b µ 2) confining string is a colorless object and therefore the singled out color index a can be preserved during interaction process of the valence gluon a a µ with the rest of gluons (B b µ ). These remarks make explicit the notions of the valence gluon and background field and will be used in what follows.
Using (3) one can write the total field operator F µν (x) as follows
µν . Here the term, F µν , so that the term F (B) µν can be omitted, if summing over all a is presumed to be done at the end of calculation. In this section we shall concentrate on the first two terms on the r.h.s. of (4), leaving discussion of the term [a µ , a ν ] to the section 3.
Assuming the background Feynman gauge, D µ a µ = 0, [21] we shall define now the gluelump Green's function as
and the function D µν,λσ can be written as
where the superscript 0,1,2 denotes the power of g coming from the term
For the following one can use the relation (7) where the following notation is used for the contour differentiation (see [23] for details and earlier refs.)
Analogously for differentiation in the end point one haŝ
where α(z, y) =
From the structure of the r.h.s. of (10) it is clear that all terms except the last one (and its permutations) contribute to the function D 1 , which has the form of the full derivative, cf. Eq. (1) . In what follows it is convenient to take spacial indices for µ, ν in (5), µ → i, ν → k, and consider the correlator of color-electric fields D 4i,4k (x, y), where x, y are taken on the time axis. Hence the integral in (8), (9) is over dz 4 and for µ = 4 both terms (8), (9) disappear. We can also write for the gluelump Green's function (5)
2 ). As a result one obtains from (10) the following connection of
on the other hand using (1) with
and for h i = 0, i = 1, 2, 3, h 4 = 0 one obtains
To obtain information about the gluelump Green's function G µν one can use the path-integral representation of G µν (x, y) in the Fock-FeynmanSchwinger (FFS) formalism (see [24] for reviews and original references), which was exploited for gluelump Green's function in [21] 
where
and the closed contour C xy is formed by the straight line from y to x due to the heavy adjoint source Green's function and the path of the valence gluon a µ from x to y.
Neglecting in G µν gluon fields altogether we obtain the perturbative result,
This is the leading term in the expansion of G µν at small |x − y|, while the higher order terms are given by the OPE formalism [25] (0) is finite. The analysis in [26] using also nonperturbative nonlocal operators is supporting the expansion (17) . To test the behaviour of G ik (x, y) at small (x − y) 2 , one should take into account that small Wilson loops have a typical limiting form [1] ,
where S is the minimal area of the small loop,
where T ≡ |x − y|. Introducing (18) into (14) one obtains the path integral representation
which can be estimated at small |x − y|, as it is explained in Appendix 1. The result is
with
2 T 2 , which yields for D 1 according to (13) ,
where G 2 is the standard gluonic condensate [25] 
One can check consistency of the resulting D 1 (x). First one considers the singular term, D sing 1 (x) = 4C 2 αs πx 4 and inserts it in the static QQ potential. The static QQ potential can be expressed through D and D 1 , as was done in [27] .
Inserting in (24) the perturbative part of D 1 from (22) , thus checking the correct normalization of D 1 (x).
Coming now to the constant term in (22) one can compare D 1 (0) on the l.h.s. of (22) with the r.h.s., (22) This ratio is in agreement with the lattice calculations in [6] . Another form of G ik (x, y) is available at all distances and practically important at large |x − y|, namely (25) where Ψ (i) n (x), M n are eigenfunction and eigenvalue of the gluelump Hamiltonian, derived in [21] ,
Omitting the spin-splitting term H spin and the pertubative gluon exchange term H C , which provide small corrections to the main term, one has for H (glump) 0
Here µ, ν are the so-called einbein functions to be found exactly from the stationary point of the Hamiltonian, δH δµ = δH δν = 0, or approximately [3, 27] from the stationary point of eigenvalues, e.g.
In what follows we shall be interested in the case L = 0, when H 0 reduces to
For Ψ (µ) n (0) one can use the known equation [28] , which is obtained from the eigenfunctions Ψ n of H 0 through the connection [29] 
Inserting (29) into (25) one obtains
It is clear that for x → y the sum in (30) diverges and one should use instead of (30) the perturbative answer (16) . For large |x − y| one can keep in (30) only the terms with the lowest mass, i.e. for the color electric gluelump state 1 −− , which obtains for spacial µ, ν = i, k Thus one gets
The eigenvalue M 0 was found in [21] to be M 0 ∼ = 1.5 GeV for σ f = 0.18 GeV 2 . Using (13) one can define from (31) the nonperturbative part of D 1 , which is valid at large |x|,
and the total D 1 due to (13) and (16) can be represented as
The correlator D(x)
We now turn to the function D(x) and to this end we specify the indices fo D µν,λσ in (6) as D ik,lm (x, y) with i, k, l, m = 1, 2, 3 and take the interval h µ = x µ − y µ to lie on the temporal axis, h 4 = 0, h i ≡ 0, i = 1, 2, 3. One can again represent D ik,lm as in (6),
As in the previous section, D (0) contributes to the function D 1 , while the contour differention operation ← − δ µ introduces the new field F µ4 , so that one has to do with the triple correlator tr F ΦF ΦF . In this paper we are considering the Gausian approximation for simplicity and neglect all correlators except for the quadratic ones, Eq. (1). Therefore the term D (0) and D (1) in (34) do not contribute to D(x), and we concentrate on the last term in (34) , D (2) , which can be written as
This function can be connected to the two-gluon gluelump Green's function. The two gluon gluelumps considered in [21] belong to the symmetric in color and spin components, while here one can rewrite (35) as
and the resulting gluelump function is
One can immediately see that the gluelump in (37) is antisymmetric both in color and spin indices, but the total wave function is symmetric and the relative angular momentum L of the lowest state can be taken as L = 0. One can fix in (37) color indices a, b; d, e and average the Green's function over all fields A h µ with h = a, b; d, e. Using the same argument as it was done for the one-gluon gluelump function, one can argue that this averaging will produce the white string (of triangle shape at any given moment), and hence it will ensure terms (δ ad δ be + permutations). As a result one can represent G ik,lm in the form
where G (2gl) (x, y) is the Green's function of the two-gluon gluelump, which was studied in [21] , and the Hamiltonian and lowest eigenvalue was found there explicitly (see also Appendix A of [21] ).
Comparison of Eqs. (1), (35) and (38) immediately yields the following expression for D(x).
If one exploits for G (2gl) the perturbative expression
then one recovers the corresponding perturbative expansion for D(x), which was studied in [29] . However, as it was shown in [30] , all perturbative terms of D(x) are cancelled by those of higher correlators, so that they do not contribute the (divergent) terms in the expression for the string tension
Nonperturbative contribution to D(x) can be written down using the spectral decomposition for
Here Ψ (2gl) n (ξ, η) is the two-gluon gluelump wave function calculated with the string Hamiltonian, neglecting spin-spin interaction in the first approximation, considered in [21] , ξ, η are Jacobi coordinates in the system of two gluons and the adjoint fixed center.
The calculation of M (2gl) n and Ψ (2gl) n (0) is discussed in the Appendix 2, and here we quote the final result for the lowest gluelump state:
Hence the leading at large T asymptotics of D(x) is
The corresponding value of the gluon correlation length is very small T [6] , where both correlation lengths coincide. To understand the reason for this discrepancy one must consider the higher in α s terms contributing to D(x). Indeed, using the term L 3 in the Lagrangian, which transforms two-gluon state into one-gluon and three-gluon states, one obtains in D(x) the one-gluon state with the same asymptotics as in D 1 (x), namely
Here
|x|). In a similar way D 1 (x) acquires terms with two-gluon and three-gluon gluelump asymptotics. Still effectively one expects that correlation lengths satisfy
, and this in agreement with lattice calculations of Bali et al (last ref. in [6] ).
Discussion of results
In (32), (33) and (44) we have obtained the perturbative and nonperturbative parts of D 1 (x) and D(x) and this is the main result of the paper.
Coming back to the three basic points outlined in the Introduction, the first point refers to the distinction between perturbative and nonperturbative and the essence of the nonperturbative mechanism of confinement. In this regard one should consider the mechanism which creates massive gluelump, namely via the path-integral representation (14) and using Wilson loop area law one obtains the Hamiltonian (27) , where nonperturbative dynamics is connected to the string tension σ. The latter in its turn is expressed through D(x) as in (41). Thus the signature for the nonperturbative is σ = 0, and one can separate from D(x), D 1 (x) perturbative parts as the limit of D(x), D 1 (x) when σ tends to zero.
At this point it is necessary to ask, what is the nonperturbative mechanism which creates D(x) and according to (41) also creates confinement itself.
The answer lies in our separation of (3), where in contrast to the usual background formalism [22] , both fields a D 1 (x) . In this way the problem becomes self-consistent, when one can ensure that the same D(x), D 1 (x) act as input in the "white force"and result in the outcome of calculation of correlators. In the paper above this selfconsistency can be checked only partially on the level of the string tension σ.
At the same time the selfconsistency allows one to connect Λ QCD and σ, thus reducing the number of parameters in theory to one, as it should be in QCD.
Indeed, calculating σ f via (41) and using (44) for D(x) one obtains
where σ f on the r.h.s. is coming from the input D ( Coming now to the small x behaviour in (44) it should be replaced by an analytic one, D(x) ∼ c 0 + c 1 x 2 + ..., as it follows from [31] , and the gluonic condensate calculated from D (2gl (0) in (44), which is much larger than the standard value [25] , will be replaced by a smaller value, and in addition also D (1gl) (x) in (45) contributes to σ f . Therefore a more detailed analysis, including the behaviour of D(x) at small x is required, which is relegated to future publications.
Summarizing the results, we have computed the first terms of perturbative and nonperturbative field correlators D(x) and D 1 (x) in the expansion in powers of α s with coefficient functions proportional to the gluelump Green's function, and have made the first check of selfconsistency of the resulting string tension. In this way the preliminary analysis in the paper supports the confinement mechanism as the formation of the selfconsistent background field acting as a white string on propagating gluons.
The author is grateful to A.M. 
The integration over (Dz) 00 in (A1.2) is known from the textbook solution for the Green's function of oscillator, hence one has
Now one can obtainμ from the solution of the free Green's function at small T , which is realized when ω → 0, 1 2μ μ 2πt
and expanding further (A1.3), one finally obtains .5) and using relation (13) one finds resulting equation (22) for D 1 (x), where
Appendix 2
Spectral representation of the three-body Green's function
In section 3 we have to evaluate the spectral representation of G (2gl) (T ) in (42) and the lowest eigenvalue M (2gl) 0
. In this Appendix we give some details of derivation, using Appendix A of [21] . The total eigenfunction of two-gluon gluelump Ψ(ξ, η) where ξ, η are Jacobi coordinates, η = r 12 / √ 2, ξ = (r 1 + r 2 )/ √ 2, ρ 2 = ξ 2 + η 2 (A2. 1) can be expanded in the hyperspherical basis [33] .
where y ν K (ρ) is the hyperradial wave function and the series (A2.2) is fast converging for linear confinement (for a recent review and refs. see [34] ), so that one can retain the lowest term in (A2.1) for the two-gluon gluelump corresponding to K = 0. With the definition u , and the total mass eigenvalue is M = min(µ + ε(µ)). Using the same approach as in [28] , one can deduce the following relation which was used in the main text. The eigenvalue M 0 with the account of the hyperfine interaction reads (see [21] for details) M 
